Coverglass smears of infected and noninfected (negative control) culture cells were fixed in 10% neutral buffered formalin. Tissue sections and smears were stained using the following techniques: indirect immunoperoxidase technique (IPO), indirect fluorescent antibody labelling (IFA),8 and modified Steiner ~i l v e r ,~ Feulgeq2 Machiavello,' acridine orange6 and Gimenez4 stains.
Ehrlichial organisms were consistently demonstrated by the modified Steiner silver stain in the large colon of all experimentally infected ponies and in three of the four suspected field cases. They were seen less frequently in the cecum and small colon and rarely in the small intestine although large numbers were seen in the jejunum of one pony. The microorganisms appeared as small, brown to black, intracellular dots of various sizes (0.4 to 0.9 pm) in two different patterns. Clusters of ten to 15 brown staining structures were present in the apical cytoplasm of deep glandular epithelial cells ( Fig. 1) . Numerous, smaller, black staining structures were seen evenly distributed throughout the cytoplasm of macrophages (Fig. 2) , a few glandular epithelial cells, and a few unidentified cells. No such silver stained structures were present in any tissues from control ponies. Mast cell granules and resident spirochetes stained heavily with the silver in both infected and control tissues but no other elements including enteroendocrine cells stained specifically. The two patterns seen with the silver stain were also seen with IPO ( Fig. 3) . although fewer organisms were demonstrated with this technique. In infected culture smears stained by silver, numerous, small, black dots were present distributed throughout the cells (Fig. 4 ). By IFA labelling, organisms appear as bright greenish-yellow dots, generally larger than those stained by silver.8 The percentage of infected cells in various culture samples as demonstrated by the two techniques were very similar. Organisms were not adequately demonstrated in tissue secretions by IFA or in cell smears with IPO. Although the Gimenez stain inconsistently demonstrated the organisms in smears, none of the other techniques used were adequate in either tissues or smears.
The similarities between the silver stain and the two immunospecific methods provide evidence that the silver staining structures actually represent ehrlichial organisms. In addition, the large, light staining and small, dark staining silver structures likely represent the large electron-lucent and small electron-dense organisms which have been described from an electron microscopic s t~d y .~,~ The modified Steiner silver stain should serve as a simple, reliable method of demonstrating ehrlichiae in tissues and culture cells and aid in the laboratory diagnosis of Potomac horse fever. A 3-year-old intact male German shepherd dog with a 3 week history of anorexia, weight loss, fever, and anemia was examined. The dog was thin and had very pale mucous membranes. Rectal temperature was 40.2 C, respiratory rate was 32 breaths per minute, and pulse was 152 beats per minute and regular. The dog was cryptorchid, but no abnormal inguinal or abdominal mass was palpable.
A hemogram revealed normocytic, normochromic, nonregenerative anemia (packed cell volume = 10.5%), leukopenia (white blood cell count = 4,00O/pl), neutropenia (1,680/ pl), and thrombocytopenia (7,00O/pl). Urinalysis and serum biochemistry profile were normal. Differential diagnoses for the aplastic anemia included myeloproliferative disease, estrogen-induced myelotoxicity associated with a Sertoli-cell Examination of blood bufi coat smears stained with Wright-Giemsa stain substantiated the thrombocytopenia, anemia, and leukopenia. Mature leukocytes were rare, but a moderate number of large, poorly differentiated blasts with conspicuous cytoplasmic vacuolation were present (Fig. 1 ).
Nuclei were generally round with moderately clumped chromatin and indistinct nucleoli. They were devoid of recognizable granules and, in addition to the marked vacuolation, often had large blebs of cytoplasm extending from the cell. Cytoplasmic blebbing was especially prominent in the bone marrow which was moderately hypocellular and consisted mainly of the atypical blasts (Fig. 2) . Occasional normalappearing granulocytic and erythroid precursors, but no nor-ma1 megakaryocytes, were seen. The diagnosis of an undifferentiated myeloproliferative disease with myelophthisis was made, and the owner elected euthanasia.
Massive splenomegally with increased firmness was found at necropsy. Microscopically there was a diffuse infiltration of large polygonal cells with high nuclear-cytoplasmic ratio throughout the red pulp. Normal splenic architecture was essentially replaced by the proliferating cells, leaving only occasional small lymphoid nodules. Scattered, very large, sometimes multinucleated cells suggestive of abnormal megakaryocytes were also present. There was no evidence of normal extramedullary hematopoiesis. Similar unidentifiable blasts and giant cells were found in the bone marrow, liver sinusoids, multiple lymph nodes, and thrombi in small pulmonary arteries.
Bone marrow which was histologically devoid of normal hematopoietic cells was collected before euthanasia for cytochemical and ultrastructural evaluation. Highly vacuolated blasts were easily identified with special stains and were consistently peroxidase and Sudan black B-negative. Approximately thirty percent of the blasts were periodic acid-Schiff (PAS)-positive with large focal areas of staining located adjacent to the vacuoles. Twenty-five percent of the cells contained alpha-naphthyl acetate esterase (ANAE)-positive granules widely scattered throughout the cytoplasm. ANAE staining was not significantly reduced when the cells were preincubated with sodium fluoride. This combination of cytochemical reactions is typical of megakaryoblastic leukemia reported in human patients and is identical to the circulating micromegakaryocytes reported in three dogs which developed radiation-induced granulocytic l e~k e m i a .~.~ Mature canine megakaryocytes have also been shown to have this cytochemical staining att tern.^ Monocytic precursors and blasts in monocytic leukemia may have similar staining reactions, but PAS-positive granules are generally smaller and more diffusely scattered throughout the cytoplasm and ANAE staining is abolished by sodium fluoride incubation (Sigma Chemical Co. Laboratory Perspectives, 1 985).1°
Cells of canine monocytic, myelomonocytic, granulocytic, and lymphocytic leukemia are also morphologically and cytochemically distinguishable from this dog's neoplastic blasts at the light microscopic l e~e l .~>~.~O Bone marrow cells fixed in glutaraldehyde and osmium tetroxide and stained with lead citrate-uranyl acetate were examined. Nuclei were generally round with diffuse chromatin and a single, small nucleolus. Two unique ultrastructural findings distinguished these cells from previously reported canine leukemia^.^ Vacuoles seen with the light microscope corresponded to large dilated spaces or sacs scattered throughout the cytoplasm (Fig. 3) . These appeared similar to the open cannalicular system of developing megakaryocytic cells and those seen in megakaryoblastic leukemia in rnan.Ix7 The large blebs of cytoplasm which existed peripherally were essentially devoid of rough endoplasmic reticulum and mitochondria, often leaving these organelles limited to the pennuclear area. While most cells generally lacked lysosomes, a few contained "bull's-eye" granules typical of the alpha-granules of canine megakaryocytes (Fig. 4) .
In no blasts could a developing cytoplasmic demarcation membrane system be appreciated, probably due to the im-maturity of the cells. This lack of demarcation membranes has also been seen in human megakaryoblastic l e~k e m i a .~ The peripheral cytoplasm which contained only scattered ribosomes and glycogen granules appeared similar to the formation of giant, agranular platelets also seen with this condition in man.I Megakaryoblastic leukemia occurs in humans as two distinct clinical syndromes. Megakaryoblastic transformation of chronic granulocytic leukemia has been associated with the specific genetic abnormality known as the Philadelphia (Phl) chromosome.1.2 The fact that the leukemic condition caused by this abnormal chromosome could be shown to change from a granulocytic to megakaryocytic cell line has been used as evidence that the Phl chromosome induces a defect in a pluripotential stem cell rather than a committed granulocytic stem cell. Megakaryoblastic leukemia also occurs as an acute leukemic entity.8 While unproven, it may be assumed, due to the relatively short clinical course in this dog, that the disease was analogous to the acute condition in man.
The clinical presentation (anemia, leukopenia, thrombocytopenia) is similar in both species with acute megakaryoblastic leukemia. The light microscopic appearance of the blasts with cytoplasmic projections and many cytoplasmic vacuoles is also apparently identical in man and the dog. Cytochemically, human megakaryoblasts are PAS-positive and peroxidase and Sudan black B-negative.1,8 Like the cells from this dog, some human megakaryoblasts are nonspecific esterase (ANAE)-positive, while other reports found the ANAE reaction negative. The previously reported four dogs in which circulating megakaryoblasts were present had the same cytochemical staining pattern as this These four dogs also had essentially identical light microscopic findings as well as demonstrable alpha-granules and sacs of the open canalicular system when examined ultrastructurally. All four of these dogs had been exposed to radiation prior to developing leukemia or preleukemic megakaryoblastemia.
While this is only the third report of circulating canine megakaryoblasts, and the first in which they were responsible for naturally occurring acute leukemia, it seems probable that some of the previously described undifferentiated canine leukemias may have involved megakaryoblasts. Future cases in which megakaryoblastic lineage is suspected should be examined with ultrastructural cytochemistry for platelet peroxidase (PPO). Several techniques for staining cells for PPO, which mainly exists along the endoplasmic reticulum and nuclear envelope, have been described and are easily performed.2.7 Furthermore, PPO has been shown in man to be a highly specific and sensitive marker for both normal and neoplastic megakaryoblasts and micromegakaryocytes.2 References 3 Cain B, Kawakami TG, Jain N C Radiation-induced megakaryoblastic leukemia in a dog. (1986) Local and Peripheral Eosinophilia in a Dog with Anaplastic Mammary Carcinoma
P. E. Losco
A 5-year-old female German shepherd dog was presented for removal of a rapidly growing mass in the left caudal mammary gland. Prior to surgery the dog's white blood count was 15,7OO/p1; 11% were eosinophils. Fecal examination for parasites was negative as were both the Knott's technique and serology for occult heartworm disease. The dog was in good general health with no evidence of atopy, skin parasites, or collagen/vascular disease. Biopsy specimens of tumor tissue were fixed in 10% neutral buffered formalin, embedded in paraffin, cut at 5 pm and stained with hematoxylin and eosin (HE), Masson's trichrome, and toluidine blue.
Histologic examination revealed an anaplastic sclerosing mammary carcinoma infiltrative throughout the several sections examined. Tumor cells were pleomorphic, large to giantsized, with round or oval eccentrically placed vesicular nuclei and one or more prominent nucleoli. Binucleate and multinucleate cells were common. Carcinoma cells were arranged individually, in small clusters and, rarely, in flat sheets. They were embedded in a dense collagenous stroma that extended beyond the area of obvious tumor invasion. The tumor was diffusely infiltrated by eosinophils which were the primary inflammatory cell seen (Fig. 1) . Eosinophils were intermixed with tumor cells and filled mammary acini along with cellular debris. At several sites they formed small rosettes around necrotic or degenerating carcinoma cells. Eosinophils were histologically normal, and although directly associated with the tumor, they did not appear to be neoplastic. Eosinophils were not present in the overlying epidermis although they were present in dermal capillaries adjacent to the mass. A few mast cells were present in the superficial dermis but not within the neoplasm itself.
The dog was euthanized approximately 6 months after initial presentation due to pain from extensive local recurrence of the tumor. The owners refused permission for necropsy. Chest radiographs at the time of death revealed no evidence of lung metastases. Eosinophilia of malignancy is an uncommon but well-documented phenomenon in humans.2.s.6,8 It has not previously been reported in veterinary literature except locally with mast cell tumors in dogs. Peripheral eosinophilia is well known in man to be associated with lymphomas, particularly those of T cell origin.2 Peripheral and/or local eosinophilia have also been described in a number of solid epithelial tumors and, rarely, in undifferentiated mesenchymal turn or^.^.^ Affected sites of neoplasia in man include the cervix, lung, gastrointestinal tract, biliary system, kidney, breast, skin, thyroid, adrenal gland, and p a n c r e a~.~.~ Many of these cases (90% in one study)s had disseminated metastases at the time the eosinophilia was noted although in a few patients eosinophilia, identified by blood count, was the first indication of the neoplastic process.
Several theories have been proposed to explain the condition, each with supportive evidence in limited cases. Eosinophils are normally produced in the bone marrow under the influence of a thymic eosinophilopoietic factor.8 Activated T lymphocytes have been shown to stimulate their production.l.8 The high incidence of lymphoma, particularly T cell lymphoma, associated eosinophilia in man (up to 30%) suggests that some neoplastic T cells retain the ability to stimulate eosinophilopoiesis.2 Evidence to suggest that tumor metastases to the bone marrow can stimulate increased eosinophil production is less striking. Although many of the reported cases did have widespread metastases when eosinophilia was discovered, only 20% had marrow involvement.s
